INTRODUCTION
Macrosomia in neonates is associated with adverse maternal and neonatal outcomes, including dystocia, cesarean delivery, severe perineal laceration, postpartum hemorrhage, and puerperal infection in the mother and persistent injury and Erb's palsy in the neonate. 1 -4 A high birth weight is associated with shoulder dystocia, which is a potentially devastating obstetric complication that can lead to permanent neurological injury. Rates of operative delivery and infants with low Apgar score increase with advancing gestational week (GW) at delivery among primiparous women with spontaneous onset of labor at term. 5 Post-term pregnancy with gestational week (GW) 42 or more is associated with increased risk of fetal macrosomia and cerebral palsy (CP) . 6 These results suggest that intrapartum hypoxia is likely to occur in infants with a high birth weight or born at post-term (GW ≥ 42) compared to those with an appropriate birth weight or those born at GW 37 -39.
The prevalence of overall CP is estimated to be 0.5 -1.4 per 1000 live births for infants weighing ≥ 2.5 kg. 7, 8 Neonates with intrapartum hypoxia exhibit newborn encephalopathy, 9 but intrapartum hypoxia accounts for less than 30% of all cases of newborn encephalopathy 10, 11 and newborn encephalopathy accounts for approximately one quarter of all cases of CP. 12 Thus, as CP associated with neonatal encephalopathy (Enc-CP) is rare, accounting for approximately 10% of all CP, 13 it requires a large cohort to substantiate whether infants with a high birth weight actually have a higher risk of developing Enc-CP. This issue has not been extensively studied mainly due to the rare occurrence of Enc-CP.
This retrospective study was performed to determine whether infants with higher birth weight have increased risk of developing Enc-CP using a unique cohort consisting of women who gave birth to infants with Enc-CP and received monetary compensation for their children's CP from the Japan Council for Quality Health Care (JCQHC) 14 and National Statistics of Japan.
MATERIALS AND METHODS
This study was conducted after being approved by the Ethics Committee of Hokkaido University Hospital. infants, 16 had birth weight < 2.5 kg and six were born preterm at GW < 37.
Demographic characteristics of the 132 study subjects are shown in Table 1 . Operative delivery was conducted in 28 women, but was unsuccessful in 11 women. There was only one woman in whom shoulder dystocia was determined as a causative factor for CP by the JCQHC.
We determined the relative risk of Enc-CP among infants with higher birth weight or born to women at GW ≥ 40 compared to those with lower birth weight or born at GW 37 -39 on the assumption that these 132 infants originated from 1000000 to 1600000
singleton infants who were born with birth weight ≥ 2500 g or born at and after GW 37. 
RESULTS
Of the 126 infants with Enc-CP born at term (GW ≥ 37), 75 (59.5%), 50 (39.7%), and 1 (0.8%) infant were born at GW 37 -39, 40 -41, and ≥ 42, respectively ( (Table 2) . These percentages were used in further analyses as shown in Tables 3 and 4 .
Risk of cerebral palsy associated with neonatal encephalopathy according to gestational week at delivery
We assumed that 126 infants with Enc-CP born at term (GW ≥ 37) originated from 1000000 to 1600000 infants born at term. For example, if we assumed that the 126 infants with Enc-CP were from 1000000 infants born at term, the 75, 50, and 1 infants with Enc-CP born at GW 37 -39, 40 -41, and ≥ 42 would be from 620000 (62% of 1000000 infants), 376300 (37.6% of 1000000 infants), and 3700 (0.37% of 1000000 infants) infants born at GW 37 -39, 40 -41, and ≥ 42, respectively (Table 3 ). Based on this assumption, the occurrence rates of Enc-CP would be 1.21, 1.33, and 2.70 per 10000 infants born at GW 37 -39, 40 -41, and ≥ 42, respectively, and the differences between groups would not reach statistical significance. In any assumption of the background population ranging from 1000000 to 1600000, no significantly increased risk of Enc-CP occurred with advancing GW at delivery.
Risk of cerebral palsy associated with neonatal encephalopathy according to birth weight
The number of newborns with birth weight ≥ 2.5 kg corresponded to approximately 96% of the number of infants born at term ( 
Clinical features in the 4 patients with Enc-CP and birth weight ≥ 4.0 kg
All four women gave birth at and after GW 39 and all except one (Case 4, in Table 5) were expected to have relatively large infants. One woman was diagnosed with 
DISCUSSION
This study demonstrated that birth weight ≥ 4.0 kg is a risk factor for Enc-CP. In a study using 1359878 children born at term during 1984 -1990 in the Swedish Medical Birth
Registry, 16 infants with birth weight > mean + 3 standard deviation had an odds ratio of CP (95% confidence interval), 1.7 (0.98 -2.8). Thus, the odds ratio did not reach a significant level even in a large cohort of 1359878 children. Although the Swedish study has suggested an increased risk of Enc-CP among macrosomic infants, it has not been shown that infants with birth weight ≥ 4.0 kg are at an increased risk of CP.
The risk of macrosomia is high in pregnancies at GW ≥ 41. 11 The risk of neurologic complications including hypoxic ischemic encephalopathy and cerebral palsy is increased in pregnancy at GW ≥ 42 in a recent study based on PubMed search and Cochrane library. 11 These results together with our patients shown in Table 5 strongly Overgrowth and cerebral palsy 8 suggested that difficult labor associated with macrosomia was a contributing factor to Enc-CP.
Although macrosomic neonates with birth weight ≥ 4.0 kg occur frequently in the USA, with incidence rates ranging from 7.6% to 13% among full-term USA infants, This study included four infants with birth weight ≥ 4.0 kg who developed Enc-CP. As all data regarding patients with Enc-CP were dependent on information released by the JCQHC in which birth date of study subjects was masked, the main weakness of this study was that the background population from which the 132 study subjects with Enc-CP originated was unclear. Therefore, we assumed in this study that the 116 study subjects with Enc-CP and birth weight ≥ 2.5 kg originated from 960000 to 1536000 newborn infants with birth weight ≥ 2.5 kg. As shown in Table 4 , the RR (95%CI) of Enc-CP, 3.89 (1.52-9.95) for infants with birth weight ≥ 4.0 kg (reference, infants with birth weight 2.5 -2.99 kg) did not change according to the assumed size of the background population from 960000 to 1536000, thus demonstrating a significantly higher risk of Enc-CP among macrosomic infants compared to those with birth weight 2.5 -2.99 kg. However, as expected, the absolute risk of Enc-CP changed according to the size of the assumed background population.
Neonates suffering from intrapartum hypoxia inevitably exhibit neonatal encephalopathy, 9 and intrapartum hypoxia accounts for less than 30% of all cases of neonatal encephalopathy. Thus, our assumption regarding the background population may have been reasonable to estimate the absolute risk of Enc-CP according to birth weight.
In conclusion, the present study demonstrated that macrosomic infants with birth weight ≥ 4.0 kg were at a 3.9-fold higher risk of developing cerebral palsy associated with neonatal encephalopathy compared to those with birth weight 2.5 -2.99 kg. The absolute risk of cerebral palsy associated with neonatal encephalopathy for macrosomic infants with birth weight ≥ 4.0 kg ranged from 2.9 to 4.6 per 10000 under our assumptions. In this study, three of the 4 macrosomic infants with Enc-CP were expected to have a greater birth weight more than 3500g. Although Enc-CP is rare occurrence even in macrosomic infants as shown in this study, clients and physicians may need to be careful in choosing delivery mode in such pregnancies with a possible macrosomic infants 19 for the avoidance of neonatal encephalopathy leading to cerebral palsy.
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